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ASSOCIATIONS OF AT HOME ORAL CARE PRACTICES AND 
PERIODONTITIS AMONG SMOKERS AND NONSMOKERS IN A DENTAL 
PRACTICE 
ERICA MAE PANGILINAN PAMINTUAN 
ABSTRACT 
Background: Periodontitis is prevalent among adults 30 years and older and its 
prevalence increases with age. By 2040, there is an expected 50% increase in adults over 
the age of 65 years old in the US population. Therefore, it is essential to maintain good 
oral health and prevent tooth loss, pain, discomfort, and poor nutrition from improper 
chewing of food. Adults directly influence their periodontitis risk factors through at home 
oral care practices and smoking habits. Thus, the importance of home oral care practices 
and better choices in smoking habits may prevent the progression of periodontitis. The 
purpose of this study is to assess the association of at home oral care practices and 
smoking to periodontitis. The findings may be useful in future oral health education to 
emphasize the importance of oral hygiene care at home and smoking cessation. It may 
help dentists identify patients that will benefit from oral care instructions and smoking 
cessation and possibly aid in the development of prevention programs to combat the high 
prevalence of periodontitis in the foreseen growing population of the elders over the age 
of 65 in the U.S.  
Objectives:  To assess the association of at home oral care practices to periodontitis and 
compare smokers and nonsmokers with respect to their oral care practices. We expect 
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that people who regularly brush their teeth, floss, and use mouthwash twice or more per 
day, and who are nonsmokers will have less periodontitis. 
Methods: Three categories of brushing: two to six times/week, once a day, or two or 
more/day in the past week were used. Additionally, three categories of flossing and 
rinsing: never, once to six times/week, or one or more times/day in the past week were 
also used. Odds ratio was calculated controlling for age, bone loss, gender, 
socioeconomic status, and smoking. Additionally, odds ratio was calculated for the oral 
care practices comparing smokers versus non-smokers.  
Results: A total of 141 adults participated in the survey, 18% never flossed, 23% never 
rinsed, 6% brushed less than daily, and 35% had periodontitis. After controlling for 
variables, the lack of flossing was associated to periodontitis (odds ratio=1,88, 95% 1.00, 
p<0.0492) while rinsing and brushing were not associated with periodontitis. There were 
five times higher odds of periodontitis for a participant who never flossed compared to 
counterparts (95% CI 2.10-13.56). A dose response was not observed. After calculating 
for the odds ratio of the association of oral care practices to periodontitis among smokers 
versus non-smokers, the lack of flossing was positively associated with periodontitis such 
that smokers who never flossed had twice the higher odds of periodontitis compared to 
counterparts (odds ratio=4.20, CI 1.30-13.50, p<0.012). Participants who were smokers, 
with bone loss, and from low socioeconomic status had higher odds of having 
periodontitis.  
Discussion: The lack of flossing was associated with higher prevalence of periodontitis. 
Smokers and especially daily smokers were more likely to engage in poor oral hygiene 
viii 
behaviors. Participants with bone loss, low socioeconomic status, and smokers were also 
associated with higher prevalence of periodontitis. Flossing at least once a week had a 
protective association to periodontitis. However, this was a cross-sectional study so a 
causal relation between the oral care practices and periodontitis cannot be established.  
 
 ix 
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Periodontitis is the severe form of periodontal disease (PD) and is characterized 
by the gums receding from the tooth leading to bone loss and potentially progressing to 
tooth loss (CDC, n.d.)  Periodontitis can come in forms of mild, moderate, and severe 
(Cepeda et al., 2017, Eke et al., 2012). According to the National Health and Nutrition 
Examination Survey (NHANES) in 2009-2012, about 64.7 million or over 46% adults 
over 30 in the US suffer from periodontitis (CDC, n.d.), and 64% of adults aged 65 years 
and older have moderate or severe periodontitis (Eke et al., 2012). The high prevalence of 
periodontitis in adults is evident and maintaining a good oral health is essential to prevent 
tooth loss, pain, discomfort, and poor nutrition from improper chewing of food (Eke et 
al., 2016). By 2040, there will be an expected 50% increase in adults over the age 65 
years old in the US population. Therefore, the necessity to keep up with dental care of the 
aging population and prevent the progression of periodontitis in adults is imperative to 
adequate oral care and quality of life (Eke et al., 2016). Adults have a direct influence on 
the risk factors of periodontitis through at home oral care practices and smoking habits. 
Thus, the importance of home oral care practices and better choices in smoking habits 
may prevent the progression of periodontitis. 
 
1. Progression of Periodontitis 
 
Dental plaque is a plaque biofilm, a bacterial deposit that cannot be rinsed clean, 
and can lead to calculus through calcification (Hasan & Palmer, 2014). The build-up of 
plaque and calculus is a sign of gingival inflammation, also known as gingivitis 
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(Lertpimonchai et al., 2017). Chronic gingivitis eventually leads to breakdown of 
periodontal attachment resulting in periodontitis (Lertpimonchai et al., 2017). Over 600 
microorganisms reside in the periodontal pockets, the bacterial infection and host 
response interaction in the oral cavity causes the formation of advanced lesions or 
clinically known as periodontitis (Hasan & Palmer, 2014, Nazir, 2017). The host uses 
both innate and adaptive immunity as a response to periodontal infections. As an initial 
reaction to bacterial infection, the acute-phase part of the innate immunity is responsible 
for pro-inflammatory properties that activates complementary reactions, neutralize 
pathogens, and repair tissues (Paraskevas et al., 2008). One acute-phase reactant is C-
reactive protein (CRP), which is elevated through the secretion of endotoxin by 
periodontal pathogens (Priyanka et al., 2013) and it activates the inflammatory system 
(Paraskevas et al., 2008). Thus, chronic periodontitis induces the presence of a systematic 
inflammation (Paraskevas et al., 2008). Essentially, periodontitis is a bacterial induced 
inflammatory reaction surrounding the teeth (Tucker, 2006) and the constant release of 
inflammatory mediators from the host immune cells causes the destruction of periodontal 
tissues (Priyanka et al., 2013). Hence, periodontitis is characterized by the destruction of 
periodontal ligament, pocket formation, bone resorption (Hasan & Palmer, 2014, Nazir, 
2017), and inflammation (Hasan & Palmer, 2014, Paraskevas et al., 2008). 
 
2. Quality of Life among people with Periodontitis 
Periodontitis ranges from mild to severe; consequently, the severity is linked to 
greater pocket depth leading to mobility and loss of tooth (Hasan & Palmer, 2014, 
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Musurlieva & Stoykova, 2015), resulting in a negative impact on oral-health related 
quality of life (Musurlieva & Stoykova, 2015). In the systematic review done by Ferreira 
et al. (2017), severe periodontitis had a greater impact on the oral health-related quality of 
life than mild or moderate (Musurlieva & Stoykova, 2015). Oral health-related quality of 
life for periodontitis were measured based on oral health impact profile, general oral 
health assessment, and oral impacts on daily performances (Ferreira et al., 2017).  
Oral health impact profile includes limits on functions, physical pain/disability, 
psychological discomfort/disability, social disability, and handicap (Ferreira et al., 2017). 
Patients with severe periodontitis had poor functional limitation, physical pain and 
psychological disability compared to mild or moderate (Borges et al., 2013, Levin et al., 
2018).  
General oral health assessment includes oral function, anxiety, and pain or 
discomfort (Ferreira et al., 2017). Patients with chronic periodontitis experienced higher 
anxiety and phobia to drilling, injections, and objects in the mouth (Levin et al., 2018). 
The impact of periodontitis on physical pain was found to impact highest on quality of 
life (Borges et al., 2013).  
Oral impacts on daily performances includes social aspects that evaluate 
difficulties with eating foods, speaking or pronouncing, sleeping or relaxing, smiling or 
laughing or showing teeth without embarrassment, regulating emotional state, cleaning 
teeth and dentures, and social abilities (Ferreira et al., 2017). Due to periodontitis, the 
sensory function of periodontal tissues is compromised from the loss of periodontal 
supporting structures (Borges et al., 2013). This may lead to worsened chewing 
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performance on hard foods, especially in patients with moderate to severe periodontitis 
(Borges et al., 2013).  In study done by Musurlieva and Stoykova, patients were asked 
about whether their gum conditions influence their self-esteem, appearance, and social 
contacts. The study implicates appearance with the most negative impact followed by 
lower self-esteem (Musurlieva & Stoykova, 2015).  
In conclusion, severe periodontitis has strongly negatively impact quality of life 
with lower self-esteem, appearance, pain, anxiety, and limitation with mastication 
performances (Borges et al., 2013, Ferreira et al., 2017, Levin et al., 2018, Musurlieva & 
Stoykova, 2015).  
 
3. Effect of Periodontitis in Systematic Health 
There is ample evidence that implicate the association of periodontitis with 
systemic diseases such as cardiovascular disease (CVD), diabetes, and adverse pregnancy 
outcomes (Nazir, 2017). As mentioned earlier, CRP is a systemic marker for 
inflammation that can be triggered by the bacterial infection from periodontitis. The acute 
phase-response of periodontitis induces the production of circulating cytokines, which 
contributes to atherosclerosis and CVD (Paraskevas et al., 2008). Hence, elevated CRP is 
seen in patients with periodontitis, CVD (Paraskevas et al., 2008), and diabetes (Preshaw 
et al., 2020, Priyanka et al., 2013). 
The association of periodontitis and diabetes is shown in studies by Priyanka et al. 
(2013) and Kumar et al. (2012).  The cytokines such as Interleukin -1beta ( IL-1) that 
induce inflammation has been shown to be involved in the development of insulin 
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resistance, a marker for type 2 diabetes, and is  involved in the destruction of periodontal 
tissues. Priyanka et al. (2013) examined the gingival crevicular fluid (GCF) 
concentrations of progranulin (PGRN) and CRP. PGRN has anti-inflammatory activity, 
involved in wound healing, and is associated with type 2 diabetes and inflammatory 
response (Priyanka et al., 2013). They concluded that both CRP and PGRN in serum and 
GCF are markers of periodontal disease and diabetes mellitus due to their elevated levels 
in periodontitis sites and among diabetic participants (Priyanka et al., 2013). 
Furthermore, the progression of higher concentration of PGRN from healthy to 
periodontitis sites among diabetic participants reflects the chronic inflammation of an 
advanced periodontal disease (Priyanka et al., 2013). This study agrees with the latest 
study done by Preshaw et al. (2020), which examined the effect of periodontal treatment 
on the systematic inflammation in diabetes. The participants included 83 adults with type 
2 diabetes 75 adults without type 2 diabetes and all have periodontitis (Preshaw et al., 
2020). Their periodontal inflammation was measured through biomarkers such as specific 
markers in GCF while diabetes inflammation was measured through serum markers such 
as CRP (Preshaw et al., 2020). The results show that diabetic participants with 
periodontitis had a significantly higher systematic inflammation than non-diabetic 
participants with periodontitis (Preshaw et al., 2020). Essentially, diabetes and 
periodontitis are associated, and both increase systemic inflammation (Preshaw et al., 
2020).  
During periodontitis inflammation, different inflammatory factors may reach the 
blood and promote systemic and arterial inflammation causing a development in 
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atherosclerotic plaque and the risk for instability in plaque can lead to cardiovascular 
events such as myocardial infarction (Diaz et al., 2020). The leading cause of death in the 
world are cardiovascular disease such as myocardial infarction (World Health 
Organization (WHO, n.d.). The formation of atherosclerotic plaques located in carotid 
artery are known as calcified carotid artery atheromas (CCAAs) and are detected as 
calcium deposits in panoramic radiographs of jaws taken at a dental office (Gustafsson et 
al., 2019). The study done by Gustafsson et al. (2019) investigated the odds of 
myocardial infarction among participants with CCAA, measured as calcium deposits in 
radiographs, and periodontitis, measured as bone loss (Gustafsson et al., 2019). The study 
finds that participants with both CCAA and periodontitis had higher odds of a myocardial 
event than participants with one or the other condition; however, both conditions are 
independently associated with myocardial infarction (Gustafsson et al., 2019).  
Another systemic association of periodontal disease among pregnant women is 
pre-term delivery, abortion, stillbirth, preterm low birth weight infants (Kumar et al., 
2012).  When periodontal disease is present, the number of bacterial increases leading to 
endotoxins and cytokines that causes formation of fatty plaques and blood clots (Kumar 
et al., 2012, Tucker, 2006). Therefore, it is possible that the placenta is directly affected 
and that may cause adverse pregnancy outcomes (Kumar et al., 2012).  In the study done 
by Kumar et al. (2012), the association of periodontal disease and adverse pregnancy 
outcomes were evaluated. Periodontal disease was examined by assessing periodontal 
pocket depth (PPD), and clinical attachment loss (CAL), and bleeding on probing (BOP). 
The participants were followed until their delivery, and the adverse outcomes of 
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pregnancy including, intrauterine fetal growth restriction (IUGR), preterm birth (delivery 
at <37 weeks), pre-eclampsia (systolic blood pressure of more than or equal to 140 mm 
and diastolic blood pressure of more than or equal to 90), and low birth weight of infants 
(Kumar et al., 2012). The findings show pregnant women with periodontitis had a higher 
adverse pregnancy outcome than pregnant women without periodontitis (Kumar et al., 
2012). Most importantly, the study shows a seven-fold higher risk of pre-eclampsia, 
significantly more IUGR infants, and a positive correlation between pre-term delivery 
and periodontitis among pregnant women with periodontitis (Kumar et al., 2012).  
 
4. Risk Factors of Periodontal Disease 
Risk factors of PD include smoking, poor oral hygiene, age, (Nazir, 2017) and 
socioeconomic status (Cepeda et al., 2017).  There is a higher prevalence of periodontitis 
in males and with increasing age (Cepeda et al., 2017, Eke et al., 2015). One such study 
that shows the association of age to periodontal study is the study done by Amaresena et 
al. (2002). The study assessed the periodontal status of male smokers in 2277 adult males 
aged 20 to 60 years old in Sri Lanka as the focus, but other risk indicators were also 
assessed including age and oral hygiene. The periodontal status was assessed by 
measurements of levels of bacterial plaque (plaque index (PLI)), gingival inflammation 
(GI), and loss of epithelial attachment (LA). The results show that older age group (40 to 
60 years old) had significantly higher levels of periodontal disease compared to their 
counterparts (20 to 39 years old).  
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Smoking has been linked to disease, especially to its effects on periodontitis 
(Amaresena et al., 2002) and is the most modifiable behavioral risk factor of periodontitis 
(Tomar & Asma, 2000). In the study done by Tomar & Asma (2000), current smokers 
who smoked more than or equal to 100 cigarettes versus former smokers who had more 
than or equal to 100 cigarettes in the past is accordingly attributed to 41.9% versus 10.9% 
of the periodontitis cases in the US. The findings show more than 50% of periodontitis 
cases in adults may be attributed to smoking (Tomar & Asma, 2000). This result 
complements the significant differences in periodontal disease in smokers in the study 
done by Amaresena et al. (2002), showing that smokers had significantly poorer 
periodontal status in all the measurements (PLI, GI, and LA). The level of bacterial 
plaque in smokers is double that of non-smokers, suggesting that higher levels of 
bacterial plaque may contribute to increase risk of periodontitis and greater gingival 
inflammatory reaction (Amaresena et al., 2002). Furthermore, smokers have an increased 
loss of epithelial attachment than nonsmokers (Amaresena et al., 2002). During the 
progression of periodontal disease, the attachment loss subsequently leads to alveolar 
bone loss seen in dental radiographs (Goodson et al., 1984). Furthermore, the progression 
of alveolar bone loss is indicative of tooth loss (Krall et al., 1999). 
Another major risk factor for periodontitis is poor oral hygiene (Lertpimonchai et 
al., 2017). In the meta-analysis and systematic review done by Lertpimonchai et al. 
(2017), the study shows that people with poor oral hygiene increases the risk of 
periodontitis by two to five folds compared to people with good oral hygiene. Poor oral 
hygiene is defined as the accumulation of dental plaque and calculus around the teeth 
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visible to the naked eye; it is due to improper brushing and failure to use floss 
(Lertpimonchai et al., 2017). Personal oral care practices at home, such as toothbrushing 
and flossing, are preventative methods of plaque and calculus accumulation to prevent 
the risk of periodontitis (Cepeda et al., 2017, Lertpimonchai et al., 2017) and other 
hygiene aids such as mouthwash are supplemental to mechanical plaque control 
(Tenenbaum et al., 2010). There has been evidence that mouthwash reduces gingival 
inflammation among subjects with periodontitis (Tenenbaum et al., 2010). Flossing has 
also been shown to lead to a modestly lower prevalence of periodontitis, suggesting that 
two to four days a week of flossing may be enough to protect against periodontitis 
(Cepeda et al., 2017). In the study done by Amaresena et al. (2002), the increasing 
frequency of toothbrushing was associated with reduced levels of bacterial plaque, 
gingival inflammation, and epithelial attachment loss.  
The association of home oral care practices to periodontitis has been assessed in 
different studies. People who brushed their teeth regularly had 34% lower odds of 
periodontitis (Lertpimonchai et al., 2017) while people who floss one or more days a 
week had 26% lower odds of periodontitis (Cepeda et al., 2017). In contrary, the study 
done by Merchant et al. 2002 assessed the oral hygiene practices in relation to 
periodontitis in healthcare professionals, who tend to smoke less and had better oral 
health status and oral health practices than the general population. A total of 533 out of 
723 participants returned the questionnaire within the time frame of the analysis. Each 
participant was asked about their oral health practices, the status, date, and severity of the 
professional diagnosis of periodontal disease and bone loss, and if they have undergone 
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periodontal disease surgery. After controlling for confounder variables, they found health 
professionals who had better oral care practices, such as flossing, brushing and the use of 
other hygiene aids did not have less periodontitis and thereby did not find an association 
between oral care practices and periodontitis (Merchant et al., 2002). There have been 
mixed results regarding the association of oral care practices to periodontitis and there 
has not been a study that integrated all three common at home oral care practices (i.e. 
flossing, brushing, and mouthwash) while examining their association to periodontitis. 
Nonetheless, good oral care practices are important in maintaining good oral health 
(Cepeda et al., 2017) and possibly reduce the risk and burden of periodontal disease in 






 The purpose of this pilot study is to assess the association between oral care 
practices (i.e. flossing, brushing, and mouthwash) and periodontitis among smokers and 
non-smokers over the age of 30 in a dental practice. We suspect that people who 
regularly brush their teeth, floss, and use mouthwash twice or more a day, and are 
nonsmokers will have less periodontitis. Although this cross-sectional study cannot 
determine the direct influence of smoking and at home oral care practices to periodontitis, 
it may help dentists determine which patients would benefit most in post home oral care 
instructions and smoking cessation for future prevention of periodontitis especially in the 




1. Study Design, Source, and Inclusion Criteria 
This cross-sectional study was to measure the association of oral care practices 
with periodontitis. The data source utilized completed questionnaires from participants as 
they enter or leave the dental office located in West Roxbury, MA. Participants were 
asked if they are willing to complete a questionnaire on at-home oral care practices, 
smoking status, and periodontal health status. Agreements to fill out the survey was 
considered consent (H-39653). The questionnaires are completely anonymously; no 
participants’ names, medical record number or any other identifiable information were 
collected on the questionnaires. Place of residence were asked at a city level only, as an 
index of socioeconomic status, but street and house numbers will not be obtained. The 
participants filled out the questionnaire, which was expected to take less than 5 minutes. 
The total number of contacts with participants was one, the day they filled out the 
questionnaire. There were no follow-up contacts. The inclusion criteria of the participants 
were 30 years and older of both genders due to a high prevalence of periodontitis at age 
30 years and above. About 140 participants were anticipated to complete the 
questionnaire (Appendix 1). 
 
2. Exposure 
The exposures were flossing, brushing, and rinsing (i.e. home oral care practices). 
The exposures were based on the response to questions in NHANES (Eke et al., 2012).  




“In the last 7 days, how many times did you use dental floss or dental 
tape?” 
“In the last 7 days, how many times did you use mouthwash or other dental 
rinse project?” 
  
Three categories were created from the responses with brushing: from once a day, twice 
or more/day, and two to six times/week. Three categories were also created from the 
responses with flossing and rinsing: from once or more times/day, once to six 
times/week, or 0 times/week (never). 
 
3. Outcomes 
The main outcome is periodontitis. The primary aim is finding association of at 
home oral care practices (i.e. toothbrushing, flossing, and rinsing/use of mouthwash) to 
periodontitis and controlling for confounder variables including age, gender, 
socioeconomic status, bone loss, and smoking status. The secondary aim is comparing 
smokers and non-smokers with respect to their home oral care practices. 
 
4. Potential Confounders 
Periodontitis has been associated with increasing age, male, low socioeconomic 
status, and smoking consumption (Eke et al., 2015). Therefore, these variables were 
included as potential confounders.    
Age was categorized into 30-45, 46-60, 61-90. 
Socioeconomic status was assessed through the median income of the cities of 
Massachusetts. Participant filled out the city and state in which they lived. The median 
income of those cities was used an index for their socioeconomic status. Median income 
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of each cities was grouped into three categories: low, middle, and high income. Low 
income was defined as income between $30,000-$70,000. Middle income was defined as 
income between $70,001-$97,000. High income was defined as income between 
$97,001-$156,000.  
Participants were categorized into two categories for smoking status: smokers vs. 
non-smokers. Within the smokers’ group, further subcategories were distinguished for 
current or former smokers. Additionally, within the current and former smokers, other 
subcategories were distinguished for daily or less than daily smokers. Current smokers 
are smokers who have smoked at least 100 cigarettes in their lifetime and in frequencies 
of daily or less than daily. Former smokers are smokers who have smoked at least 100 
cigarettes in their lifetime but do not currently smoke and in frequencies of daily or less 
than daily.  
 
5. Statistical Analyses 
Answers from the questionnaire and analysis of data was performing with Epi 
Info by the CDC (CDC, n.d.). Descriptive analysis will include counts and percentages of 
categorical data and means, standard deviations, and ranges of continuous data. The chi-
square statistic and t-test will be used as appropriate to determine if significant 
differences in characteristics exist between subgroups of patients. Demographic 
characteristics (age, gender, oral hygiene habits, socioeconomic and periodontitis status) 
will be described.  
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The primary aim of the study is to determine if at home oral hygiene practices are 
associated with periodontitis by answering survey questions regarding the times they 
brush and/or floss and/or use a mouthwash within the last 7 days. The population will 
then be grouped into those with good oral hygiene (flosses and rinses at least once a week 
and brushes at least once a day) to those with bad oral hygiene (never flosses and rinses 
and brushes less than once a day). The status of smoking will be identified by answering 
questions 9-11 on the survey. Question 9 identifies the participant being a smoker or a 
non-smoker. Question 10 identifies the frequency of smoking consumption within current 
smokers, whether daily or less than daily. Question 11 identifies the frequency of 
smoking consumption within former smokers, whether daily or less than daily. The odds 
of periodontitis in those with poor oral hygiene will be computed using logistic 
regression analysis controlling other confounder variables such as age, gender, and 
residency, bone loss, age, smoking status. The secondary analyses compared the odds of 
periodontitis among smokers and nonsmokers with respect to their home oral care 
practices to determine if there is an interaction between oral hygiene status and smoking. 
 The prevalence of periodontitis in adults is 47% overall, but nearly double in 
smokers. According to the CDC, overall prevalence of smoking is 14%. In this sample of 
129 adults, we estimate that approximately 2/3 of the participants (N=86) will have good 
oral hygiene. Additionally, as it is known that good health habits tend to cluster, we 
estimate 12% will be smokers (N=16). Among those with poor oral hygiene (N=43), we 
estimate a higher percentage (20%) will be smokers (N=9). To find a difference in 
prevalence of periodontitis greater than 15% between those with good compared to poor 
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oral hygiene, at 80% power and a=0.05, we need a minimum of 48 per group. For the 
secondary analyses, to find a 35% difference in periodontitis between smokers and 






 A total of 141 participants filled out the questionnaire (Appendix 1) 
regarding age, gender, city, periodontal health status, smoking status, and oral care 
practices frequencies. As shown in Table 1, 30% were 61 or older, 48% were males, 
46% were from cities with low median income, 35% had periodontitis, 28% had 
deep scaling treatments, 23% had permanent tooth that became loose on their own, 
6% brushes less than daily, 18% never flossed, 23% never rinsed, and 52% were 
smokers. Among the current smoker’s group, 67% were daily smokers. Additionally, 





Table 1. Frequency of participants by characteristics 
Characteristics Frequency (%) 
Age  
  30-45 years old 
  46-60 years old 






   Female 





   Low Income 
   Middle Income 





Periodontal Health Status 
   Periodontitis 




Deep Scaling Treatment 
   Yes 




Tooth Loss Status 
   Yes 





   2 to 6 times/week 
   once a day 






    never  
    once to 6 times/week 






    never 
    once to 6 times/week 






    Non-smokers  






   Less than daily 
   Daily 
Former 
   Less than daily 









As shown in Table 2, 77% of the participants brushed two or more 
times/day. There were less participants, who are older, male, with low income, 
smokers, daily current smokers, and daily former smokers that brushed two or 
more times/day compared to their counterparts. 
Table 2. Characteristics of the participants by brushing frequency 
Characteristics 2 to 6 times a week 
N (%) 
Once a day 
N (%) 
Two times or 
















































   Less than daily 
   Daily 
Former 
   Less than daily 















Out of 141 participants in this study, 18% never flossed (Table 3). There were 
more participants, who were younger, male, with low income, smokers, current daily 
smokers, and former daily smokers, that never flossed compared to their counterparts.  
 
Table 3. Characteristics of the participants by flossing frequency 
 
Characteristics Never 
 N (%) 
Once to six times 
a week 
 N (%) 
One or more 
times a day  
N (%) 
Age  
   30-45 years old 
   46-60 years old 














   Female 











   Low Income 
   Middle Income 

















   Non-smokers 
   Smokers 
 










   Less than daily 
   Daily 
Former 
   Less than daily 



























As shown in Table 4, 23% of the participants never rinsed. There were more 
participants, who were older, female, middle income, smokers, current less than daily 
smokers, and former less than daily smokers, that never rinsed compared to their 
counterparts.  




Once to 6 times 
a week 
N (%) 
Once or more 
times a day 
N (%) 
Age  
   30-45 years old 
   46-60 years old 














   Female 











   Low Income 
   Middle Income 

















   Non-smokers 












   Less than daily 
   Daily 
Former 
   Less than daily 























 Participants who brushed their teeth two to six times per week had a higher 
percentage of periodontitis compared to participants who brushed their teeth once or 
more times/day (89% vs. 29% and 32%) (Table 5). In addition, participants who never 
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flossed had a higher percentage of periodontitis compared to a participant who flossed at 
least once times per week (68% vs. 21% and 32%).   For participants who rinsed and 
never rinsed, the percentage of having periodontitis was about the same for all three 
subgroups. 
 
Table 5. Prevalence of oral care practices with periodontitis 
 
Oral Care Practices Periodontitis N 
(%) 
No Periodontitis N 
(%) 
Brushing 
    2 to 6 times/week 
    once a day 










    never  
    once to 6 times/week 










    never 
    once to 6 times/week 










Participants who brushed less than once a day had a higher percentage of 
periodontitis than participants who brushed at least once a day (89% vs. 32%) (Table 6). 
In addition, there were 17 times higher odds of having periodontitis for participants who 
brushed less than once a day (p<0.00053). Participants who never flossed had a higher 
percentage of periodontitis compared to participants who flossed at least once a week 
(68% vs. 28%).  There was also five times higher odd of having periodontitis for 
participants who never flossed (p<0.00018).  In addition, participants who never rinsed 
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and who rinsed at least once a week showed similar equal percentages of participants 
with periodontitis (42% vs. 33%) (p<0.34) (Table 6).   
Table 6. Association of oral care practices among participants with good hygiene 
versus bad hygiene with periodontitis. 
 
Oral Care Practices 
Periodontitis N 
(%) 
No Periodontitis N 
(%) 
Brushing 
   Less than once a day 







Odds Ratio: 17.14 (2.10-141.53)  X2: 11.99 p=0.00053
  
Flossing 
   Never 







Odds Ratio: 5.34 (2.10-13.56)  X2: 14.06 p=0.00018 
Rinsing 
   Never 







Odds Ratio: 1.47 (0.66-3.27)  X2: 0.91 p=0.34 
 
Brushing 
Participants, who were smokers and brushed less than daily, had a higher 
percentage of having periodontitis (100%) than participants, who were smokers and 
brushed at least two or more times a day (45%). On the other hand, participants, who 
were nonsmokers and brush less than daily, also had a higher percentage of periodontitis 
(50%) than participants, who were non-smokers and brushed at least two or more 




Participants, who were smokers and never flossed had a higher percentage of 
periodontitis (74%) than participants, who were smokers and flossed (40%). On the other 
hand, participants, who were non-smokers and never flossed also had a higher percentage 
of periodontitis (40%) than participants, who were non-smokers and flossed a few times a 
week and at least once a day (8% and 26%). In comparing smokers and non-smokers who 
never flossed, the percentage of periodontitis in smokers was higher (74%) versus non-
smokers (40%). Smokers who flossed 1 or more times/day also had a higher percentage 
of periodontitis (40%) than non-smokers who flossed at least once a day (26%) (Table 7) 
Rinsing 
Participants that did not use mouth rinse had a higher percentage of periodontitis 
in smokers (62%) than non-smokers (8%). There were higher percentage of periodontitis 
in participants who used mouth rinse one or more times/day among smokers (46%) than 












Table 7. Prevalence of oral care practices with periodontitis among 
smokers versus nonsmokers 
 
Oral Care Practices 
Periodontitis N (%) among 
smokers vs. non-smokers 
No Periodontitis N (%) 
among smokers vs. 
nonsmokers 
Brushing 
    2 to 6 times/week 
    once a day 
    2 or more times/day 
 
7 (100.00) vs. 1 (50.00) 
5 (38.46) vs. 1 (10.00) 
22 (44.90) vs. 13 (22.03) 
 
0 (0.00) vs. 1 (50.00) 
8 (61.54) vs. 9 (90.00) 
27 (55.10) vs. 46 (77.97) 
Flossing 
    never  
    once to 6 times/week 
    1 or more times/day 
 
14 (73.68) vs. 2 (40.00) 
6 (40.00) vs. 2 (8.33) 
14 (40.00) vs. 11 (26.19) 
 
5 (26.32) vs. 3 (60.00) 
9 (60.00) vs. 22 (91.67) 
21 (60.00) vs. 31 (73.81) 
Rinsing 
    never 
    once to 6 times/week 
    1 or more times/day 
 
13 (61.90) vs. 1 (8.33) 
4 (36.36) vs. 2 (12.50) 
17 (45.95) vs. 12 (21.13) 
 
8 (38.10) vs. 11 (91.67) 
7 (63.64) vs. 14 (87.50) 
20 (54.05) vs 31 (72.09) 
 
Smokers who brushed at least once a day had a higher percentage of periodontitis 
than nonsmokers who brushed at least once a day (100% vs. 50%) (Table 8). Smokers 
who flossed at least once a week had a higher percentage of periodontitis than non-
smokers who flossed at least once a week (40% vs. 20%). Smokers who used mouth rinse 
had higher percentage of periodontitis (44%) than a non-smoker who used mouth rinse 
(24%). The odd for periodontitis was higher for smokers who never used mouth rinse and 
never flossed. There was 4 times the odd of having periodontitis for participants who 







Table 8. Association of Oral Care Practices to Periodontitis among 
smokers versus non-smokers 
 
Oral Care Practices 
Periodontitis N (%) among 
smokers vs. non-smokers 
No Periodontitis N (%) 
among smokers vs. 
non-smokers 
Brushing 
   Less than once a day 
   At least once a day 
 
7 (100.00) vs 1 (50.00) 
27 (43.55) vs 14 (20.29) 
 
0 (0.00) vs. 1 (50.00) 
35 (56.45) vs. 55 (79.71) 
Odds Ratio 
Smokers:  undefined                     X2:8.01 p=0.0046 
Nonsmokers: 3.9 (0.23-66.79)      X2:1.02 p=0.31  
Flossing 
   Never 
   At least once a week 
 
14 (73.68) vs. 2 (40.00) 
20 (40.00) vs. 13 (19.70) 
 
5 (26.32) vs. 3 (60.00) 
30 (60.00) vs. 53 (80.30) 
Odds Ratio 
Smokers:  4.20 (1.30-13.50)         X2: 6.25 p=0.012 
Nonsmokers: 2.70 (0.41-17.98)    X2: 1.15 p=0.28  
Rinsing 
   Never 
   At least once a week 
 
13 (61.90) vs. 1 (8.33) 
21 (43.75) vs. 14 (23.73) 
 
8 (38.10) vs. 11 (91.67) 
27 (56.25) vs. 45 (76.27) 
Odds Ratio:  
Smokers: 2.09 (0.73-5.97)           X2: 1.93 p=0.17 
Nonsmokers: 0.29 (0.035-2.47)   X2: 1.42 p=0.23 
 
As age increased the higher the percentages of participants with periodontitis. For 
instance, as age increased (30-45 vs. 45-60 vs. 61-90 years old), the percentage of having 
periodontitis accordingly increased (26% vs 36% vs 45%). The percentages of female 
with periodontitis (34%) versus male with periodontitis (37%) was about the same. As for 
the socioeconomic status, there was a higher prevalence of periodontitis among low 
income than middle- or high-income classes (46% vs 28% or 22%). Smokers with 
periodontitis was at 49% that was higher than non-smokers with periodontitis (21%). 
Current, daily smokers had a higher percentage of periodontitis compared to current, less 
than daily smokers, 60% versus 27%. Former smokers who smoked less than daily had a 
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higher percentage of periodontitis compared to former, daily smokers, 63% versus 38% 
(Table 9). 
 





No Periodontitis N (%) 
Age 
  30-45 years old 
  46-60 years old 










  Female 








  Low Income 
  Middle Income 










   Non-Smokers 









    Less than Daily 
    Daily 
Former Smokers 
    Less than Daily 
















There was a statistically significant association of bone loss, smoking status, 
socioeconomic status, and flossing with periodontitis. However, the association of 
brushing, rinsing, gender, and age with periodontitis were not statistically significant 




Table 10. Association of oral care practices, age, socioeconomic status, bone loss, 
and gender with Periodontitis 
 
Term Odds Ratio 95% Z-Statistics  P Value 
Age 0.7220 0.4112 -1.1340 0.2568 
Bone Loss 7.3530 2.9578 4.2939 0.0000 
Brushing 1.1140 0.5112 0.2716 0.7859 
Flossing 1.8838 1.0022 1.9669 0.0492 
Rinsing 0.7285 0.4228 -1.1414 0.2537 
Sex 1.7561 0.6992 1.1984 0.2307 
Socioeconomic 2.0621 1.0508 2.1041 0.0354 
Smokers 3.2456 1.3170 2.5583 0.0105 
         *Adjusted for all other terms in model 
Since bone loss is an indication of periodontitis (Goodson et al., 1984), its 
association with oral care practices, periodontitis, deep scaling, smoking status, and 
gender were also assessed. There was a statistically significant association of deep 
scaling treatment, periodontitis, flossing, and gender with bone loss (Table 11).  
 
Table 11. Association of oral care practices, periodontitis, and deep scaling with 
bone loss 
 
Term Odds Ratio 95% Z-Statistics  P Value 
Age 0.9087 0.5152 -0.3304 0.7411 
Brushing 2.2489 0.9573 1.8598 0.0629 
Deep Scaling 5.8827 2.2194 3.5629 0.0004 
Flossing  0.4600 0.2312 -2.2119 0.0270 
Periodontitis 7.2514 2.7229 3.9644 0.0001 
Rinsing 1.4623 0.8373 1.3358 0.1816 
Sex 0.3974 0.1590 -1.9742 0.0484 
Socioeconomic 1.0438 0.2312 0.1233 0.9018 
Smokers 1.9679 0.7564 1.3877 0.1652 
       *Adjusted for all other terms in model 
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The association of periodontitis with increasing age, male gender, low 
socioeconomic status, and smoking consumption are confounding variables and had 
previously been studied (Eke et al., 2015).  It was important to note there are 
multifactorial associations with periodontitis not just good oral hygiene. To assessed 
these variables’ association to periodontitis, their prevalence and odds ratio had been 
highlighted in Tables 9 and 10. Out of 141participants, 35% had periodontitis, 52% were 
smokers, 46% were from cities with low median income, 30% were aged 61 and above, 
and 48% were males.  
Table 9 highlighted the frequency and percentage of age, sex, socioeconomic 
status, and smoking status and behavior with periodontitis. The trends in Table 9 
distinctively showed that as age increased the higher the prevalence of periodontitis. 
When looking at the trends by gender, the prevalence of female with periodontitis versus 
male with periodontitis was about the same (34% vs. 37%). With similar percentages of 
having periodontitis between gender, this was also in agreement that there was no 
statistically significant association between sex and periodontitis p=0.26 as seen on Table 
10. Consequently, this result disagreed with studies done by Eke et al. (2015) stating that 
the male gender had a positive association with periodontitis. As for socioeconomic 
status, participants with low income had higher prevalence of periodontitis than their 
counterparts. Smoking had been the biggest behavioral risk factor of periodontitis (Tomar 
and Asma, 2000). There was a higher prevalence of periodontitis in smokers than non-
smokers (49% vs. 21%). In addition, the odds were 3.2 times higher for smokers to have 
periodontitis than non-smokers as seen on Table 10. There was also statistically 
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significant association of smoking to periodontitis, p=0.011.  Smoking behaviors were 
also assessed on Table 9. Current smokers who smoked daily versus less than daily have 
a huge percentage gap of periodontitis, implicating the higher prevalence of periodontitis 
in daily smokers. Hence, all confounding variables, including low socioeconomic status, 
smokers, and participants with bone loss, were statistically significantly associated to 
periodontitis except for age and gender. 
The characteristics of participants by brushing, flossing, and rinsing frequency in 
Table 2-4 and prevalence of oral care practices with periodontitis in Table 5 had also 
been thoroughly examined. Out of 141 participants, 77% brushed two or more times/day, 
82% flossed, and 77% rinsed. Participants who were older, male, with low income, daily 
current and former smokers were less likely to brush two or more times/day compared to 
counterparts. In contrary, participants who were younger, male, with low income, daily 
current and former smokers’ younger participants were more likely to never floss. In 
addition, participants who were older, female, with middle income, daily current and 
former smokers were more likely to never rinse compared to their counterparts. The 
commonality in all the at home oral care practices was all daily smokers current or 
former were more likely to never floss and rinse and were less likely to brush two or 
more times/day. Examining Table 5 more closely, the prevalence of periodontitis in 
participants who only brushed their teeth two to six times/week and never flossed were 
higher compared to counterparts. For participants who rinsed and never rinsed, the 
prevalence of periodontitis was the same for either groups.  
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The primary outcome was the association of at oral home care practices (i.e. 
brushing, flossing, and rinsing) with periodontitis, highlighted on Table 6 by comparing 
the percentages and odds of participants with good oral hygiene (brushed at least 
once/day and flosses or rinses at least once/week) versus bad oral hygiene (brushed less 
than once/day and never flossed or rinsed). It was important to note that participants who 
brushed less than once a day had a strong statistically significant association with 
periodontitis, p<0.00053. There were 17.14 times higher odds of having periodontitis 
compared to participants who brushed at least once a day. When it came to people who 
flossed at least once/week, there was 5.34 times higher odds of having periodontitis 
compared to participants who never flosses. There was a statistically significant 
association of flossing with periodontitis, p<0.00018. In addition, participants who rinsed 
at least once/week had 1.47 times higher odds of having periodontitis compared to 
participants who never rinses. However, there was not a statistically significance of 
rinsing with periodontitis. Overall, people with good hygiene aside from rinsing were 
associated with lower odds of periodontitis and there was an association of flossing and 
brushing with periodontitis.  
 The secondary outcome was comparing the at oral home care practices (i.e. 
brushing, flossing, and rinsing) with periodontitis among smokers versus nonsmokers. 
The study done by Amaresena et al. (2002) showed that the oral hygiene status of tobacco 
users was worse than their counterparts favoring the results in the present study as 
smokers tend to brush and floss less than nonsmokers. Table 7 highlighted the prevalence 
of periodontitis among smokers versus nonsmokers with oral care practices while Table 8 
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showed the association of at home oral care practices with periodontitis among smokers 
versus nonsmokers. Examining Table 7 more closely, there was a higher prevalence of 
periodontitis in the smoker’s group with any frequency of brushing compared to 
counterparts. Trends also showed the higher prevalence of periodontitis among 
participants who never flossed especially in smokers compared to nonsmokers. There was 
a 4.20 times higher odd of having periodontitis in smokers who never flossed (p=0.012) 
compared to 2.70 times higher odd of having periodontitis in nonsmokers who never 
flossed (p=0.28). As shown on Table 7, smokers, who never rinsed, rinsed at least once to 
6 times/week, and 1 or more times/day, had a higher prevalence of periodontitis 
compared to counterparts. The odds of rinsing were 2.09 times higher in smokers 
compared to 0.29 in nonsmokers; however, there was not statistically significant 
association of rinsing (p=0.17 and p=0.23) with periodontitis. 
Overall, the study concluded that there was an association of flossing but not 
brushing and rinsing with periodontitis. The interaction of smoking to oral care practices 
was evident. The commonality in all at home oral care practices was all daily smokers 
current or former were more likely to engage in poor oral hygiene and were more likely 








 This observational study comprised of 141 participants in a dental office in 
Massachusetts confirms that lack of flossing is associated with periodontitis while rinsing 
and brushing are not associated with periodontitis. There are also more tendencies for 
smokers to engage in poor oral hygiene compared to non-smokers and have a higher 
prevalence of periodontitis compared to nonsmokers. Since this is a cross-sectional study, 
the causation between good at home oral care practice and periodontitis is hard to 
confirm. It can only be stated that consistent flossing is negatively associated with 
periodontitis.   
 No dose-response benefit was observed between flossing and prevention of 
periodontitis. This may suggest that flossing at least a few times a week may suffice. 
However, the study did not account for how well the patient flosses, brushes, or rinses. 
As for the mouth rinsing, no data supported its association with periodontitis. This may 
be due to not accounting for the different types of mouthwash each patient used and all 
types of mouthwash were generalized into one question, “in the last seven days, how 
many times did you use mouthwash or any dental rinse product?”. There was also no 
indication of toothbrushing and its association with periodontitis. This may be due to a 
very small sample of participants who brushes 2-6 times/week or less than once/day. 
Since this study was completed in a private dental clinic, we suspect participants to be 
more aware of their oral health and would have a higher tendency of having better 
hygiene habits than the general population.  
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 Due to the nature of the study, the self-reported survey may contain errors and 
inaccuracy when reporting the right periodontal health status. Although this was avoided 
if the participant had directly asked a dentist for their periodontal health status. 
Additionally, the questions pertaining to participants oral hygiene behaviors allowed each 
patient to easily recall their hygiene as they were asked “In the last 7 days,…”.  
 The other risk factors of periodontitis were also analyzed in this study. A 
statistically significant difference was found between bone loss, socioeconomic status, 
and smoking status. The gender of a participant did not have an association with 
periodontitis, which is contrary to most other published studies (Eke et al. 2015 & 
Cepeda et al. 2017). In addition, age did not have an association with periodontitis. This 
is possibly due to the range in age groups of the population studied being quite large (30 
to 90 years) and the small sample size of aged 60 and above, consisting of all adults. 
Since bone loss is a characterization of periodontitis (Hasan & Palmer, 2014, Nazir, 
2017), the study supports the statistically significant finding that bone loss is associated 
with gender, flossing, periodontitis, and deep scaling treatment.  
In conclusion, there is no association between the use a mouth rinse and brushing 
with periodontitis after controlling for confounding variables. However, there is a 
negative association of flossers with periodontitis. There is also a strong association of 
periodontitis among participants who smoke, have bone loss, and with low 
socioeconomic status. The association of periodontitis among smokers, low 
socioeconomic status, and bone loss were stronger when compared to the protective 
association seen for flossing. With controlling other confounding variables, the 
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magnitude of the association of flossing with periodontitis decreased. Additionally, 
smokers were more likely to engage in poor oral hygiene. We hope that this study will 
aid in supporting smoking cessation programs and emphasize the importance of flossing 
as a preventative measure to reduce periodontitis. The study may also help clinicians in 
patient education regarding the importance of flossing in oral health. In addition, this 
study implicates that flossing should be encouraged in individuals of all ages and may 








Age: _________________  
Area of Residency (City, State): _________________ 
  Female |  Male 
1. People who suffer from gum disease are characterized by one or more of the 
following: bleeding in the gums around the teeth, swollen gums, receding gums, 
infected gums, or sore gums. These symptoms last for more than two weeks and 
are not caused by injury, partials, or dentures. Do you think you have gum 
disease? 
 YES   NO 
1. Has a dentist ever told you that you have bone loss around your teeth? 
 YES   NO 
2. Have you ever been treated for deep scaling (i.e. scaling or root planning)? 
 YES   NO 
3. Have you ever had any permanent teeth that became loose on their own?  
 YES   NO 
2. In the last 7 days, how many times did you brush your teeth?    
 Once a day  Twice or more a day  2-6 times a week   once a week   Never 
4. In the last 7 days, how many times did you use dental floss, water pik, or dental tape?  
 Once a day  Twice or more a day  2-6 times a week   once a week   Never 
5. In the last 7 days, how many times did you use a mouth wash or any dental rinse product? 
 Once a day  Twice or more a day  2-6 times a week   once a week   Never 
6. How would you rate the health of your gums?  
 Excellent                 Very Good             Good     Fair         Poor  
3. Have you ever smoked at least 100 cigarettes in your lifetime?  
 YES   NO 
7. If yes, how frequently? 
 Daily       Less than daily       Not at all                  None Currently  
8. If none currently, how frequently have you smoked in the past? 
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